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© Process for cross-linking or degrading polymers and shaped articles obtained by this process. 



© This disclosure relates to a process for cross- 
linking polymers, e.g. polyethylene, or degrading 
polymers, e.g. polypropylene, using peroxides hav- 
ing at least one carbon-carbon double bond in the 
molecule, e.g. l-(t-butyl peroxy isopropy!)-3- 
isopropeny I benzene. 

Incorporation of the peroxides into the polymer 
may be carried out at relatively high temperatures 
without the risk of premature decomposition of the 
peroxide, thus allowing easy processabilrty of the 
polymer mass prior to cross-linking or degradation. 

^The polymeric endproducts obtained are odourless 

^and do not display blooming. 
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Process f r cross-linking r degrading polymers and shaped articles obtained by this process 



The invention relates to a proc ss for cross- 
linking or degrading polymers, use being made of 
an organic peroxide which has at least one carbon- 
carbon double bond in the molecule. The invention 
also relates to shaped articles obtained by this 5 
process. 

A process of the above type is disclosed in 
United States Patent Specification No. 3 980 629. 
According to it the use as cross-linking agent of 
unsaturated peroxyketals leads to cross-linked io 
polymers that are practically odourless and do not 
exhibit blooming. 

Polymers having those properties are desirable 
in that, as is generally known, the more or less 
volatile decomposition products formed from is 
dicumyl peroxide, which is often used in practice 
for cross-linking and degradation purposes, will 
lead to polymers which have an unpleasant smell 
and display blooming, which is objectionable to 
their applicability, for instance as packaging ma- 20 
terial for foodstuffs. 

To the peroxyketals described in said United 
States Patent Specification, however, there is the 
disadvantage that the temperature at which they 
are incorporated into a polymer is subject to re- 25 
strictions in view of the risk of premature decompo- 
sition. They are therefore not suitable at all to be 



used as a degradant for polymers such as poly- 
propylene; and when they are used as a cross- 
linking agent, this drawback manifests itself particu- 
larly in the cross-linking of those polymers, such as 
elastomers, into which the peroxide, and other ad- 
ditives, if desired, are to be mixed in at elevated 
temperature, prior to the polymer mass being 
shaped; to prevent premature cross-linking - 
(scorching) the temperature at which these well- 
known peroxides are allowed to be processed is 
relatively low, which' is detrimental to the viscosity 
and. hence, the processability of the polymer mass 
to be cross-linked. As cross-linking agent these 
peroxyketals are therefore no satisfactory alterna- 
tive to dicumyl peroxide. 

The invention envisages the elimination of 
these drawbacks. It provides peroxides that are not 
subject to the temperature limitations of said perox- 
yketals. but do retain the favourable properties of 
these peroxyketals with respect to smell and 
blooming of the polymeric endproducts (see 
above) and as cross-linking and degrading agent 
form a good alternative to dicumyl peroxide. 

The process according to the invention is char- 
acterized in that the peroxide corresponds to the 
general structural formula 
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where m = 0,1 or 2; 
n = 1 ,2 or 3; 
m+n e £ 3; 

R. = H or an alkyl group containing 1-3 carbon 
atoms; 

R 2 = an alkyl group containing 1-4 carbon atoms; 
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R 3 -R.= alkyl groups containing 1-10 carbon atoms; 

R 7 = an alkyl group containing 1-10 carbon atoms 
which is substituted or not with a C,-* alkoxy 
group, a- C,- l0 acetoxy group or a hydroxyl group, 
or represents 

a group A of the general formula 
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where p - 1 or 2 and R« and R 9 have the meaning 
indicated above for R 2 and R„ respectively; 

with the proviso that in the case of di substitution 
the aromatic ring substituents are not ortho to each 
other and in the case of trisubstitution are not in 
three adjacent positions, and that when m « 0, R 7 
represents a group A. 

It should be noted that several of the peroxides 
to be used according to the present invention are 
known from SU 757 529. SU 887 578, JP 
60/11349, JP 60/13828 and JP 60/19762. tt is de- 
scribed that those peroxides may be applied as 
monomers in the preparation of peroxide groups- 
containing polymers. The present use is neither 
disclosed in these publications nor can it be de- 
rived therefrom. 

It should further be noted that for the use as 
cross-linking agent for rubber an unsaturated per- 
oxide is known from WP 8 002 285, viz. 1- 
methacry late-1 -t-butyl peroxy ethane. Upon repeti- 
tion of a process on the basis of the data known 
from this disclosure, however, it was not found 
possible to prepare this peroxide. 

Cross-linking of polymers 

As mentioned above, the present peroxides 
may with advantage be used in high-melting poly- 
mers, such as elastomers, without the risk of pre- 
mature cross-linking during the processing phase, 
i.e. the phase of mixing in of the peroxide and 
moulding of the polymer mass immediately pre- 
ceding the cross-linking phase. As examples of 
these polymers may be mentioned: 

polyethylene, copolymers of ethylene and pro- 
pylene (EPM) and copolymers of ethylene, pro- 
pylene and a diene monomer (EPDM). But the 
advantages to the present peroxides are not limited 
to use in high-melting polymers. The present per- 
oxides also may with advantage be used in low- 
melting polymers. As a result, the polymer mass 
obtained may advantageously be exposed to rela- 
tively high temperatures, so that a low viscosity 
and, hence, satisfactory processability are ob- 
tained. 



70 Examples of polymers to be cross-linked in 

accordance with the present process, in addition to 
the polymers mentioned before, include chlorosul- 
phonated polyethylene, chlorinated polyethylene, 
polybutene-1, polyisobutene, ethylene vinyl acetate 

75 copolymers, poly butadiene, polyisoprene, polych- 
loroprene, butadiene styrene copolymers, natural 
rubber, poiyacrylate rubber, butadiene acryionitrile 
copolymers, acrylonitrile-butadiene-styrene ter- 
poiymers, silicone rubber, polyurethanes and poiy- 

20 sulphides. 

It is preferred that the present process should 
be applied for cross-linking polyethylene, EPM and 
EPDM. 

To the polymer to be cross-linked is generally 
25 added 0.1-10% by weight, and preferably 1-3% by 
weight of the present peroxide. 

Moreover, to the polymer to be cross-linked 
there may be added various agents commonly 
employed in cross-linking processes, such as an- 
30 tioxidants, pigments, UV stabilizers, fillers, piasticiz- 
ers, etc. in amounts commonly used for these 
purposes. 

The temperature at which the present perox- 
ides may be mixed into polymeric material without 

35 there occurring any premature cross-linking is gen- 
erally in the range of 25° to 130°C; the tempera- 
ture at which subsequent cross-linking is carried 
out is generaJly in the range of 150° to 220°C, 
preferably 160°-190°C. 

40 For carrying out the process according to the 

invention use may be made of the techniques 
commonly applied in cross-linking reactions in ap- 
propriate equipment. 

In this connection mention is made of the 

45 known fact that cross-linked polyethylene is a very 
suitable material to be applied as insulating ma- 
terial in the wire and cable industry. 

Degradation of polymers 

50 

As is known for cases where easy processing 
is required, as in melt spinning at high shear rates, 
propylene-based polymers prepared by the 
Ziegler-Natta process should be degraded, be- 
55 cause of a too high molecular weight and hence a 
too high viscosity. By heating the polym r to a 
temperature in the range of 180 p to 350° C in the 
presence of a radical initiating compound a reduc- 
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tion of the molecular weight and a narrowed molec- 
ular weight distribution are obtained. Polymers thus 
degraded satisfy the requirements of ease of pro- 
cessing to be met in the production of fibres, films 
and other shaped articles. 

The present peroxides have been found very 
suitable degradants. As polymers that lend them- 
selves to be degraded may be mentioned the well- 
known (co)polymers of propylene: polypropylene 
and copolymers of propylene and ethylene, 1- 
butene or 1-hexene. In actual practice it is mostly 
the degradation of polypropylene that is applied. 

Degradation may be carried out in the usual 
manner. In the presence of one of the present 
peroxides, the (co)polymer is heated to a tempera- 
ture above the melting point of the (co)polymer and 
above the decomposition temperature of the perox- 
ide. This temperature will generally be in the range 
of 180° to 350°C, preferably 200° to 250°C. The 
heating time is as a rule between 0,1 and 30 
minutes, preferably between 0,5 and 5 minutes. 

The present peroxide will generally be added 
to the (co)polymer to be degraded in an amount of 
0,001 to 2% by weight preferably 0.01 to 0,5% by 
weight, calculated on the amount of (co)polymer. In 
addition antioxidants and/or UV stabilizers, usually 
employed for polymer degradation, may be added 
in the usual amount to the (co)polymer to be deg- 
raded. As examples of suitable antioxidants may be 
mentioned esters of /S-(3,5-di-tert.buty!-4-hydrox- 
yphenyl)propionic acid, more particularly the esters 
thereof with pentaerythrite or octadecanol, 1,3,5- 
trimethyl-2 1 4,6-tris(3^5 , -di-tert.butyl-4 , - 
hydroxyphenyl)benzene, 4-hydroxymethy1-2,6-di- 
tertbutylphenol, tris-(2 , -methyl-4 , -hydroxy-5 , - 
tert.butylphenyl)butane, tetrakis[3-(3,5-di-tert.butyl- 
4-hydroxyphenyl)propionyloxymethyl]methane, 2,6- 
di-tert.butyl-p-cresol and 3,5-dimethyl-4-hydrox- 
ybenzy! thioglycolic stearyl ester. As suitable UV 
rays absorbing agents may be mentioned 2-(2'- 
hydroxy-3\5'-di-tertamylphenyl)benzotriazole, 2- 
(2Miydroxy-3\5'-di-tert.butylphenyl)-5- 
chlorobenzotriazole and 2-hydroxy-4-n-octyl-oxy- 
benzophenone. 

The degradation may be carried out in equip- 
ment usually employed for this purpose, such as 
extrusion apparatus. 

The present peroxides 



groups repr sent isopropenyl (R, « H, H ■ CH, 
and/or R 0 = CH 3 ,R« = H) and the aromatic radical 
or radicals represent the cumyl structure (R 3 = R* 
= CH 3 and/or R 8 = R« = CH,). 
5 The preparation may be carried out in the 

usual manner by reacting a t-alcohol with hydrogen 
peroxide in an acid medium to form the corre- 
sponding t-alkylhydroperoxide and converting the 
resulting compound with a t-alcohol. also in an acid 

io medium, into the peroxide; at least one of the two 
t-alcohots used should be unsaturated. 

Examples of saturated t-alcohols to be used in 
the preparation of the present peroxides include t- 
butyl alcohol, t-amyl alcohol, 2-hydroxy-2-methyl- 

15 pentane, cumyl alcohol ( = a-hydroxyisopropylben- 
zene). 1 ,3-bis(a-hydroxyisopropyl)benzene, 1 ,4-bis- 
(a-hydroxyisopropyl)benzene and 1 ,3,5-tris(o- 
hydroxyisopropyl)benzene. 

Examples of unsaturated t-alcohols to be used 

20 in the preparation of the present peroxides include 
1 -(cr-hydroxyisopropyl)-3-isopropenylbenzene, 1 -(a- 
hydroxyisopropyl)-4-isopropenylbenzene, 1 -(a- 
hydroxyisopropyl)-3 > 5-bis(isopropenyl)benzene, 
1,3-bis(a-hydroxyisopropyl)-5-isopropenylbenzene 

2s and 1 -(a-hydroxyisopropy l)-2,4-bis(isopropeny!)- 
benzene. Preparation of these unsaturated t-alco- 
hols may be carried out by partial dehydration of 
the corresponding diols or triols in the manner 
described in US 3 622 636 for the preparation of 1- 

30 (o-hydroxyisopropyl)-3-isopropenyIbenzene and 1- 
(a-hydroxyisopropyl)-4-isopropenylbenzene from, 
respectively, 1 ,3-bis(a-hydroxyisopropyl)benzene 
and 1.4-bis(a-hydroxyisopropyl)benzene. Examples 
of suitable peroxides where in the general Formula 

35 I m = 0 are: 

1 -(cumyl peroxy isopropyl)-3-isopropenylbenzene 
and 

40 1 -{cumyl peroxy isopropyl)-4-isopropenylbenzene. 

Examples of suitable peroxides where in the gen- 
eral Formula m*0 are: 

45 1-(t-butyl peroxy isopropylJ-S-isopropenylbenzene, 

1-(t-butyl peroxy isopropyl)-4-isopropenylbenzene, 

1 ,3-di(t-amyl peroxy isopropyl)-5-isopropenylben- 
so zene, 

1 -(t-butyl peroxy isopropyl)-3,5-bis(isopropenyl)- 
benzene. 



The peroxides to be used according to the 
invention correspond to the above-described gen- 
eral Formula I. For practical considerations with 
regard to the magnitude of the molecular weight 
and synthetic accessibility it is preferred that when 55 
m = 1 or 2 and/or p = 1 or 2 use should be made of 
peroxides where the substituted vinyl group or 
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1-<t-butyl peroxy isopropyl^^bisflsopropenyl)- 
benzene and 

1 ,3-di(t-butyl peroxy isopropyl)-5-isopropenyIben- 
zene. 

Particularly suitable for use in the process ac- 
cording to the invention are those peroxides where 
m has the value of 1 and, when R, represents the 
group A, p also has the value of 1. More particu- 
larly preferred are those peroxides where R, = H, 
R a = R 3 = R* = R» = = a methyl group and, 
when R, represents a group A, R„ a methyl 
group and R 9 = H. 

The present peroxides also may be used in 
combination with each other. As regards the struc- 
ture of the present peroxides it should still be 
noted that steric requirements lead to the aromatic 
substituents not being ortho to each other in the 
case of disubstitution and to their not being in three 
adjacent positions in the case of trisubstitution . 
The invention will be further described in the fol- 
lowing examples. 

Example 1 



Preparation of 1 -(t-butyl peroxy isopropyl)-3- 
isopropenylbenzene (Compound 1 ) 

To a mixture of equimolar amounts of t-butyl 
hydroperoxide (32 g) and H<r-hydroxyisopropyl)-3- 
isopropenylbenzene (57 g) stirred at 30°C there 
were added 1 ,32 ml of an aqueous solution of 20% 
by weight of perchloric acid. Over a period of 30 
minutes MgS0 4 .2H 2 0 was added portionwise up to 
an amount of in all 26,3 g, after which the reaction 
mixture was stirred for 2 hours at 35°C. Then 
sufficient water was added to dissolve all of the 
magnesium sulphate.' The organic phase was sepa- 
rated, washed with aqueous NaOH and finally with 
water. Obtained were 80 g of a colourless liquid 
(yield 90%) having an active oxygen content of 
6,02% (calc. 6,44%). The structure was confirmed 
by NMR and IR analyses. 

Example 2 



Preparation of 1 -(t-butyl peroxy isopropylM- 
isopropenylbenzene (Compound 2) 

The same procedure was carried out as de- 
scribed in Example 1 , except that use was made of 
equimolar amounts of 1 -(cr-hydroxyisopropy l)-4- 
isopropenylbenzene and t-butyl hydroperoxide. Ob- 



tained was a colourless liquid (yield 80%) having 
an active oxygen content of 5,58% (calc. 6,44%). 
The structure was confirmed by NMR and IR anal- 
yses. 

5 

Example 3 



Preparation of Compound 3 

10 

The same procedure was carried out as de- 
scribed in Example 1 , except that use was made of 
equimolar amounts of 1-(cr-hydroxyisopropyl)-3- 
isopropenylbenzene and 1-(a-hydroperox- 
is yisopropyl)-3-isopropenylbenzene. Obtained was a 
colourless liquid (yield 70%) having an active oxy- 
gen content of 3,81% (calc. 4,56%). The structur 
was confirmed by NMR and IR analyses. 

20 Example 4 



Preparation of Compound 4 

25 The same procedure was employed as de- 
scribed in Example 1 , except that use was made of 
equimolar amounts of 1-(a-hydroxyisopropyl)-4- 
isopropenylbenzene and 1 -{a-hydroperox- 
yisopropylH-isopropenylbenzene. Obtained was a 

30 viscous liquid from which the product was isolated 
as white crystals by crystallization with diethyl 
ether. The product was obtained in a yield of 60% 
and had a melting point of 82°-85°C and an active 
oxygen content of 4,20% (calc. 4,56%). The struc- 

35 ture was characterized by NMR and IR analyses. 

Example 5 



40 Preparation of 1-(cumyl peroxy isopropyl)-4- 
isopropenylbenzene (Compound 5) 

The same procedure was used as described in 
Example 4, except that use was made of equimolar 

45 amounts of 1-(a-hydroxyisopropyl)-4-isopropenyl- 
benzene and cumyl hydroperoxide. Obtained were 
white crystals (yield 70%) having a melting point of 
40 °C and an active oxygen content of 4,34% (calc. 
5.15). The structure was confirmed by NMR and IR 

50 analyses. 

Example 6 
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Preparation of 1 ,3-di(t-butyl peroxy isopropyl)-5- 
isopropenylbenzene (Compound 6) 

To a mixture of 1 ,3-bis(orhydroxyisopropyl)-5- 
isopropenylbenzene (14 g), t-butyl hydroperoxide - 
(15 g) and hexane 50 ml) stirred at 35°C there 
were added 0,55 ml of an aqueous solution of 20% 
by weight of perchloric acid and subsequently 
MgS0 4 .2H 2 O (10,6 g), the latter in a portionwise 
manner, after which the reaction mixture was 
stirred for 3 hours at 40 °C. Then sufficient water 
was added to dissolve all of the magnesium sul- 
phate. The organic phase was separated, washed 
with aqueous NaOH and finally with water. After 
removal of the hexane from the organic phase 
under reduced pressure, 22 g of a yellow oil were 
obtained (yield 95%) having an active oxygen con- 
tent of 8,29% (calc. 8.47%). The structure was 
confirmed by NMR and IR analyses. 

Example 7 



Preparation of 1 -(t-butyl peroxy isopropyl)-3,5-bis- 
(isopropenyl)benzene (Compound 7) 

The same procedure was employed as de- 
scribed in Example 1, except that use was made of 
equi molar amounts of 1-(a-hydroxyisopropyl)-3.5- 
bis(isopropenyl)benzene and t-butyl hydroperoxide. 
Obtained was a yellow liquid (yield 95%) having an 
active oxygen content of 5,12% (calc. 5,56%). The 
structure was confirmed by NMR and IR analyses. 

Example 8 

Of the peroxides described in the preceding 
examples the permissible processing temperature 
was determined as follows. 



Over a period of 5 minutes 0,01 equivalent of 
the peroxide was mixed with 100 g of ethylene- 
propylene copolymer (EPM) on a roll mill at a 
friction of 1:1,2 and at a temperature of 50°-70°C. 

s Of the resulting mixture the cross-linking behaviour 
was subsequently determined with the aid of a 
Gottfert Eiastograph in the manner described in 
Kautschuk und Gummi 29(5/6) 341-352 (1976). In 
this determination the mixture to be cross-linked is 

io embedded in a heated chamber the lower half of 
which is oscillatory. During cross-linking the in- 
crease is registered in the torque on the lower 
chamber half as a result of the increase in viscosity 
of the cross-linking mixture as a function of time. 

T5 The increase in torque is expressed in the param- 
eters t» and t«, which represent the time necessary 
under the given conditions to bring about respec- 
tively 10% and 90% of the increase in torque - 
(Atorque). 

20 The determinations were carried out at 170°C. 

using being made of a slit width of 0,2 mm, an 
oscillation angle of about 0,5° and an oscillation 
frequency of 0,83 Hz. The results are given in 
Table 1. For comparison also the values are men- 

25 tioned of analogous experiments carried out using 
0,01 mole of dicumyl peroxide (Compound A) and 
0,01 mole of 1-phenyl-3,3-di(t-butylperoxy>-1-pro- 
pene (Compound B: an unsaturated peroxide ac- 
cording to US 3 980 629). 

30 From the t, 0 and t* values found it appears that 

the processing range of the present peroxides is. 
similar to that of dicumyl peroxide (A) and in sev- 
eral cases even exceeds it, whereas the processing 
range of the peroxide (B) disclosed in US 3 980 

35 629 is narrower. 
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Table 1 



tompounQ 






i 


1,7 


16 


2 


1,3 


12 


3 


0,8 


7 


4 


0,6 


5 


5 


0,8 


7 


6 


1,0 


8 


7 


0,9 


8 


A 


0,7 


7 


B 


0,5 


4 



Example 9 

The peroxides described in Examples 1 and 6 
were tested as cross-linking agent for polyethylene. 
To that end 0,01 equivalent of each peroxide was 
mixed on a roll mill for 3 minutes at 120°-130°C 
with 100 g of low-density polyethylene (Lupolen ® 
1810 H, ex BASF). 

The cross-linking behaviour was determined 
with the aid of the QQttfert Elastograph described 
in Example 8. The t w , U, and Atorque values ob- 
tained are listed in Table 2. The Table also gives 
the compression moulding temperature and the 
compression moulding time applied in the cross- 
linking processes. 

The cross-linked products obtained were tested 
for odour and blooming and the following prop- 
erties were measured. 

-The tensile strength, the 100, 200 and 300% 
moduli and the elongation at break were deter- 
mined in accordance with ISO-standard R37 type 
1. 



20 



25 



30 



35 



40 



-The hardness was determined in accordance with 
ASTM D2240. 

-The gel fraction was measured in conformity with 
the standards B5 5468-1977 and ANSl/ASTM 
D2765-68(1972). In this test the percentage poly- 
mer is determined which does not dissolve in boil- 
ing xylene under the test conditions. This param- 
eter is a measure of the degree of cross-linking 
and hence of the efficiency of the peroxide. 

The results are given in Table 2. It also men- 
tions the results of a comparative experiment car- 
ried out with 0.01 mole of dicumyl peroxide - 
(Compound A). 

The results obtained show that the peroxides 
according to the invention are a good alternative to 
dicumyl peroxide. Furthermore the remarkably high 
value of Atorque obtained with Compound 6 should 
be noted. This high value is surprising in view of 
the fact that Compounds 1, 6 and A were used in 
equivalent amounts (i.e. 0.01 mole of Compounds 1 
and A and 0,005 mote of Compound 8). 



50 



55 



7 



»eOOCID: <EP 0208353A1 J_> 



3 



0 208 353 



14 



Table 2 



CotTTOniinH 

WUUl^UUllU 


X 


o 


A 


t i0 (min) 
tso (min) 
Atorque (Nm) 


1,2 
8,2 
0,51 


1,3 
8,7 
0,67 


1,1 
8,8 
0,48 


Compression moulding temp, ( U C) 
Compression moulding time (min) 


180 
20 


180 
20 


170 
20 


Tensile strength (MPa) 
Modulus 1007o (MPa) 
Modulus 200% (MPa) 
Modulus 300% (MPa) 
Elong. at break (%) 
Hardness w Shore D 
Gel fraction (%) 
Odour 

Blooming after 1 week 


21,5 
7,6 
7,9 
9,7 
450 

49 

86 
none 
none 


19,7 
8,1 
8,6 

12,5 
360 

45 

88 

none 
none 


19,7 
7,8 
8,2 
10,3 
420 
49 
90 
yes 
yes 



cording to the invention have desirable properties 
as regards their decomposition products the follow- 
ing experiments were carried out 

Samples of the cross-linked products obtained 
in Example 9 were exhaustively extracted with 
dichloromethane at reflux temperature. Ga- 
schromatographic analysis of the resulting solutions 
showed that no aromatic compounds were present 
in the solutions from the products prepared with 
Compounds 1 and 6 whereas in the solution from 
the product prepared with dicumyl peroxide - 
(Compound A) acetophenone and cumyl alcohol 
could be clearly identified. 

In another set of experiments the cross-linking 
reactions described in Example 9 were repeated, 
except that in stead of the Gottfert Elastograph use 
was made of a closed reaction vessel coupled to a 
gas chromatograph (head space gas chromatog- 
raphy). At regular time intervals gas samples from 
the reaction vessel were analyzed for aromatic 
decomposition products. In the case of Compounds 
1 and 6 no aromatic decomposition products could 
be detected whereas in the case of dicumyl perox- 
ide (Compound A) acetophenone and cumyl al- 
cohol could be clearly identified. 
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Example 10 

The peroxide described in Example 1 was test- 
ed as degradant for polypropylene. The following 
procedure was used. 

Unstabilized polypropylene (fvtoplen <& FLS 20, 
ex. Himont; melt flow index (230°C. 2,16 kg): 1,8 
g/10 min) was mixed with the peroxide in a tumbl 
mixer. The resulting product was processed 
through a single screw extruder at elevated tem- 
perature. After cooling to room temperature, the 
extrudate was granulated and of the resulting gran- 
ules the melt flow index was determined. 

The amounts of peroxide used, the extrusion 
temperatures applied and the melt flow indices 
obtained are listed in Table 3. From the indices 
obtained it appears that the peroxide according to 
the invention is a suitable polypropylene degradant. 
In addition to this it was observed that the ex- 
trudate obtained was odourless whereas in a com- 
parative experiment carried out with dicumyl perox- 
ide as degradant an unpleasantly smelling ex- 
trudate resulted. 
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Table 3 


16 


Amount of peroxide 


Extrusion temp. 
( u r ^ 


Melt flow index 
{ g/ 10 mm; 


0 0171 






0 0171 






0 0855 


xUU 




0,0855 


250 


35,1 (1) 


0,428 


200 


84,8 (2) 


0,428 


250 


209 (2) 



(1) Measuring conditions: 230 V C/2,16 kg 

(2) Measuring conditions: 190 W C/2,16 kg 



Claims 

1. A process for cross-linking or degrading 
polymers, use being made of an organic peroxide 
which has at least one raroon-carbon double bond 
in the molecule, characterized in that the peroxide 
corresponds to the general structural formula. 
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Ri 
I 

C 
I 

H 



Ra 
I 

C - 




R 3 
I 

C - 0 

I 



Rs 
i 

0 - C - R 7 
I 

Re 



(I) 



where m = 0,1 or 2; 
n » 1,2 or 3; 
m + n = S3; 

R, « H or an alkyi group containing 1-3 carbon 
atoms; 



40 



45 



R»-R« a alkyl groups containing 1-10 carbon atoms; 

R, « an alkyl group containing 1-10 carbon atoms 
which is substituted or not with a C,- t0 alkoxy 
group, a C,-C,o acetoxy group or a hydroxy I group, 
or represents 

a group A of the general formula 



R 2 » an alkyl group containing 1-4 carbon atoms; 
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where p = 1 or 2 and R» and R. have the meaning 
indicated above for R 2 and R„ respectively; 

with the proviso that in the case of disubstitution 
the aromatic ring substituents are not ortho to each 
other and in the case of trisubstitution are not in 
three adjacent positions, and that when m=0, R 7 
represents a group A. 

2. A process according to claim 1, character- 
ized in that the peroxide corresponds to the gen- 
eral structural formula I, where m = 1 and. when R 7 
is a group A, p = 1. 



3. A process according to claim 2, character- 
ized in that the peroxide corresponds to the gen- 
eral structural formula I, where R, = H, R, = R 3 = 
R 4 = R* = R« = a methyl group and, when R 7 is a 

5 group A, R H = a methyl group and R, » H. 

4. A process according to any one of the 
preceding claims, characterized in that a (co)- 
polymer of ethylene is cross-linked or a polymer of 
propylene is degraded. 

to 5. Shaped articles entirely or substantially con- 

sisting of (co)poiymers obtained by any one of the 
processes according to claims 1-4. 
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